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FOREWORD . . V ^ . * ^ ' ' ' 

Students^^teachers, parents, administrators, architects and engineers are very much aware of the Importance of the * 
ptiysFcal environment to the educational process^ Much progress has be6n madie toward Inrprovlng .the environment, 
primarily the result of considerable effort on the part^of educators and those engineers and architects Involved In the ' 
design 6f;publlc school fadlltles. At the same time, a concerted effort has been made to Improve the design ancTihstalla- , 
tlon of the total mechanical and electrical systems, all to the best Interests of the students and the school systems. This, 
too. has been a Joint effort j)n the part of educators, engineers and architects. For the most part, the results have bepfi 
very gratlfylna. . • . , ^ ^ 

This Minimum Checl< USt, or ''red book", wafs develpped about fifteen years ago by the Division of School Plannmg to 
serve^as a means^of communication between school ^gencl,es and the design professions. It is and should remain a 
"minimum" c|)6ck1!st that Includes concise, pertlne/ht,.and well-chosen comments without being voluminous. Such^s the 
Intention of this fourth revision. It should 6e notad^hajt the Minimum CftecA List represents the thinking of a representative 
cros^sectibn Of the design, professions. ' ^ a 

This publication is one of many that h€^ve been prepared and distributed by the Department of Pi^lic Instruction as 
an aid to the ever changing process of planning and developing public education faGilitiei 



Qctober, 1975 * * , • . , 

* * ^ . - ♦ 
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f ■■ • .A. Craig PWIIips 

State Superintendent of Public Instruction ^ 



-PREFACE \* ' 

^ ^ ~ . . * 

this IS the fourth revision of the Mmimum Check L/sf since Us origin In 1960 by the Division of School Planning. I^has 
been widely used jM*^eveJopment and, review of mechanical 4nd electrical plans and specifications by engineers, 
/architects and superintendents in planning public school facilities. Apfparentiy the Minimum CftecTc L/sf has bfeen well 
received as a planning tOoMor these fifteen years. The Division of School Planning is pleased to m^ke available this fourth, 
revision dn the ho^e thaf^ It will continue to be a useful publication. . v • , 

Appreciation is expressed to .the following individuals for their existence in preparing this revision- 



Private Practicing Engineers: 

J. A. BasSr Jr, Raleigh 

H.C. Cease, Raleigh,* 

B. A. Hartirick, Jr., Chartotte 

W. F. Humbert, III, Winston-Salem 

W. G. Smith, Durham 



Representlngi^tate of N. C. Agencies: 

R. B. Boyd, Jr., De/pt. of Injsuranpe 
J. L. Hauser, D?pt. of Insurance 
J* F. Stamey, Dept. of Human Resources 
B. F. Whitley, Dept. of Labor 

penning, Divlsior>of Plant Operation 
D. T. O'Kelley, Division of Plant Operation 
H. K. Winslow, DivLsion of Insurance 
N. K. Lee, Division of School Pl&nning 
W. H. Price, Division of School Planning 



In using this'^check list, the following interpretations shouW be kept In mind: 



• Items using the term '^hall" are mandatory because of law; code or regulation. 

• Items using the term should" are those which experience has taught a>e most practical^nd desirable Any devia- 
tion should be supported toy adequate Information and reasoning and should^be cleared with the Division of 
School Planning in the ^arly stages of the**design process. . - J 

• Other Items are Included as good practices about which professional people ma^t not entirely agree,. 
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J. U Pierce^ Director 4 
Division of School Planning 
Department of P^jbllc Instruction 



PLBG 4 . 

PLUMBING : . , y . - 

, P-100.00 Drainage, Wastfes and Vents 

, 101.00 Floor drains are needed in all toilet rooms containing more than one water closet, and at all points where water hewers are 
^ located. . <• ^ ^ 

. .Of Infrequently used floor drains should 'have traps resealed by waste fi'om clear water fixtures. 

.02 Provisions should be made' for rese^ng straps of floor drains located in rooms being .used as return air plenums. It is 
^ * ' recommended that these drains be 4" minimum size, and'\hat sediment strainers be used. • - 

.03 .Drains jn all areas should 'be not less than 3"- size (NCSBC, Plumbing, Section 915.3). . . ' " 

102.00 Floor drains shall not be installed in food storage areas. . * * ' ' 

103.00 Floor^drains shall be provided for boiler rpoms, and for mechanical equipment rooms containing any, equipment using ste^m 

or water, or incorporating cooling coils. 

. " t« • , * 

1 04.00 < The plumbing plans must bear the seal of tHe engineer who is responsible for their .design, and is by law obligated to inspect 

and i^^ue a "Certificate of Compliance"^ upon comjjletion of the^project (NCGS 138rl.i). 

105.00 Acid resisting wkste ^ines should be considered for chetmistr> laboratoi^es in seniof high'^^chools, and perhaps some other . 

special uses ^ch as the chemistry instructor's table in a junior high school. They are not considered necessary for any other^ 
* normal laboratory areas. ' • " ^ . 

.07 * Corrosion-resistant Traps are required on all fixtures in chemistry classrooms^' and ma3rbe vise3'*iT desired in^other 
» .laboratories such a^ physics and biplogy. ♦ .. ' ' . 

\ . .077 P-traps to the wall, or located below floor, are preferred to.S-traps to floor. 1 , ^ ^ , / ' 

; ,02 • Plaster and/or interceptor traps ar6 usually heeded for work sinks in areas such as art classrooms. 

• 106.00 , Wnt pipe* flashings, at the roof, should be m^de in two pieces. One of these should be a cap which slides down over tup of the 
. ; pipe, and sufficiently overlaps the base flashifig. Copper or lead is preferred. * ^ 



^ ' , .07 . Screens, to protect against gravel, rocks and etc., are recommended for in8tallation-1)n these flashings. 

• .02 Reference is made to the sizes of vent piping at the point where l^^iaases through the roof. Jt is recommejndec^ t-bat 3'* be a 
^ * minimum size. * ' * • 

107.00 Cleanouts placed in horizontal pipe runs should be fabricated using longsweep onerquarter bends or fittings providing one 
eighth* turn. Standard one-quarter bends should never be used: , ' ^ 

. ,07 In clay (VX.) pip6 sewer lines, Cast iron fittings should be provided at the bases of cleanouts to prevent breaking withiend of 

' the sewef rod. * . - * . ' . ' , 

108,0*0 Roof drainage shall be designed in accordance with requirements of the.NCSBC, Plumbing, Chapter XV (as a minimum). 

^ , ^ provisions for wind effect shoVild be incorporated in the design, i,e., consider the wind blowing all rain to ofe side of the roof. 

1 ,07 The actual installation of roof drains and flashings, for interior roof drain systems, should be made by the general contractor. 

. ' ' * ^ Piping for spch systems should be by the plumbing contractor. , - ; * 

• 109,00 Reference is made to the Volume 1, Section-(llX) entitled "Making Buildings and Facilities Accessible to and 
Usable by the Physically I^andicapped". Appropriate proyisjons of this section are applicable to plumbing systems in public 

• " ^ schoqls.» • • ; * . 

• - ,6j Water closet^ urinals^ lavatories and drii^king fountains or water coolers must )be considered for the handicapped. 
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Fittings * 

All hose bibbs^ should ^h^e rf®T^|j^ clearance underneath. 

k hose bibb with a removable haiWH or a key operated l9ck shield ^should be installed in ariy toifet ropm having a floor c^rairf , 
Each fixture should have an individuak\^ter ^uppljL cutoff valve. 
Flush valves must be equipped with vacuum breakers .(NCSBC, Plumbing; Septioh 1205,1). . V . 

' Use^freeze-proof hose Jbibbs where applicable; these should be key operated. 

All hpse bibbs, including wall hydrants and any outlet with hose threads, toust 'have backflow prfeyention devices installed 
(NCSBC, Plumbing, Section 1205.^. For ^xteribr installations, care must be taken to prevent freezing. 

, ' r % ^ , ^ - . ' . ^ . \ 

Fixtures - ^ , - ^ ^ * ' c * 

Lavatories should be acid-resisting, and have rigid supplies. - , ' . ^ ' • ' - ^ . 

' Strainers, (beehive or grid type are suggested), and not pop-ups or plugs, should be used in lavatory wastes in public toilets 
and-restrooms. * ' ^ i " . * ^ ' 

Elongated boVvIs and open-front seats for wat^ closet^ are required by Code (NCSBC^ Plumbing, Section 907.1 and 907.6).' 
It IS recommendedrior male.toilets,.that water closet seatS-iacoxpSerate. th&„sel£jjy8iri£.SEnM hinge or JJkself-sustaining'fric: _ 
tion^hinge. , - . 

A lavatory shall- be located in the kitchen area for h'andwa8hin|. ■• > . o " ■ ' , ■ 

/ This lavatory shall have a mixing faucet sVipply fitting. ^.^.Jr' " ; • . ' . 

A service sink or s recep tar' should be located within the confines of the kitchen area. ^ 
Deleted (refer to Item 206.00). '^7' ' ' . • 

' Deleted (refer to' Itib 206.00). , ' . ; v. . . , ' . . \ ' ' 

Standard, single purpose fixtures should be used where watepvorks and 'plumbing are concerned; i.e.;^a Jandwashing 
"lavatory should not be combined with a drinking fountain; a mop sink Shouldhot be combmed with a handwasKmg lavatory, ^ 
nor should one be substituted for the other.^ - • ... & * 

Dnnkmg fountams outside a.building shall be frostproof. AH wastes from the^e should be carried to dry wejls or storm draifis. • 
Dry v^ell^hould be located at least 50 -feet from water supply wellsV , ^ ^. , • . 

Counter top sinks should Jiave ledges with holes to receive faucets. Faucfets sfiould not be- mounted in counter tops. 
Supplies (pipe, valves and fittings)" ih&t are concealed, such as tor 'counter top sinks, do not need to be the rigid type,'and . 
need not be plated. » • . ^ " * , 

Gymnasium dressing rodms should have drinking fountains. These should n9t be water coolers. . 

Wall-hijng type urinals are" recommended. . ' • 

Deleted? ' . " • ^ ^. ' . . ' . /-n^ ^ 

Flow restrictors at shpwer heads are suggested. ► . ' , i 
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P;400.b0 Water Supplyjsee Sections 7 and 8 of the NCBRR and Chapter XII of the.NCSBC^ Plumbin|J 

401 -00 Wells must be located away from possibly sources of contamination, properly protected, and wpll sites must be approve"^ by a 
representative of the Division of Health Services, DHR. ^ . 

402.00 At school sites,\frhere well water systems are plaixned, owners, architects and ^ngjne^rs ars^urged and encouraged to consult 
the state DNER, Division of Environmental Management for geological information. - ' . * ' ^ 

403.00 Plans shall show the location o/ the well, and complete detaib of the well supply system including well, pump, pump house, 
piping and storage tank. . ' 

.07 When an' elevated tank is installed, it is strongly recpmmended that a ffTe hydrant be properly located on the site, or that a 
hose connection be provided on the standpipe,"^r both. ' ^ ^ \ *• . q . ' , 

.02 When new well supply systems are used provisions for continuous chlorination are strongly recommended. - 

404*00 When water is obtained from a public%stem, plans shall show location of ihe water supply conne6?ion, and size of the water 
meter. ^ • ' • ' * ^ • 

.07 Pressure reducing stations should be 'utiliMfd where supply pressure exceeds 75 psig. ^ , • 

405=00 Dishwashing and showering are the two' fetors to consider in sizing water^heating equipment. Such equipment must, be 
.placed where components can bfe easily. maintained. *• d * ' 

, ^ 180-degree water heatera should carry the NSF labef, or jequal (N^ " * * , 

,02 Sanitizing hot water from water heater to dishwasher booster heater should be recirculated by pumping injarder to maintain 
maximum temperature at the booster. . ' ' - . 

406 00 Wateir heaters arid/or storage tanks must have safety valves that are sized and installed in accordance with requirements of 
the NCBRR. ^ • / . , • . 

.07 Water heaters incorporating the use of dip tubes must conform to the requirements of the NCBRR, Section 6, Rule 9. 

407.00 AH hot water stbrage^equjpm^t should have tahks equippecJ^^ " ' 

408.00 For electric water heaters, ppll types, the engineer mustbe careful to comply with (1) all the requirements of Article 422-14 
ih the NEC; and (2) NCBI(R requirements for the UL lafeel. Control voltage should always be volts to ground such as 120x» 



volts or 277-Volts. 



.07 A time clock should bellTcorpora ted in the controls for an electric ^yater heater'Cex^ept for a small one) tojprovide for on and 
off periods to assist"in minimizing the electrj^cal syatem demand factor. ^ v. 

409.00 State Department of Labor operating certificate shall be mounted under glass and placed gear the beater (NCBRR, Section 
6, Rule 5). . _ 4h ' 

410.00 ^ Circulators for domestic l^ot,. water use should be all-bronze construction. Conttprshoulc} be by time clock as well as 
> temperature. . ^ - p ^ ^ • , 

♦0.7 All 3ta^ters tot circulators (pumps) using 3-phase curr6^nt must incorporate overjo^a^tection for'all three phases (NEC Ar- 
^ticle 430-37). • . - » - < , , 

* • ' . , . ' 

411.00 " All water supply systems sliould be disinfected befoce being plated in service. fNCSBC, Plumbing, Section 1209). 

412.00 It is mandatory that the engineer designatejon a plutobing drawing the source' of w:ater. supply. * 
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Multiple water heater installations (tvyo or more at one location) should indoi^wrSt^ piping arrangement at bo^ inlet and 
outlet to provide for balanced flow. Also, valves should be'provided sd t^iat either, heater can be isolated separately. 

' Sewage Disposal Sj^stems • * , ' « . " 4. ^ • 

Locations and principal elevations of connections to ppblic sewer systems §hall be shown on plans (^JCGS 130-13).' 

!When an on-site;.6^ge disposal system, or addition to an existing system, is required and planned, the following con- 
siderations are. applicable. ^ ^ - ' • 

Application, must be iliade.to the^DEM, DNER. Contact the re^onal engineer for the region that includes. your ^a. 

Both the site (new or existing) hnd the proposed system (new or existing) must be approved by the DEM. 

It is of the utmost importance that that agency be consulted prior to procuring a site where on-site sewage disposal is con- 
templated. . • ^ jjf . ^ * 

Plans and spetifications for the' proposed sewage plant, or addition to existijH|, should. be prepared in accordance with DEM^ 
recommendations, and must be submitted to that agency. x . , 

DEM approval for the project must be^made before the State Superintendent of Public Instruction issues the Certificate.of 
• Approval. ^ ♦ . , » ' ^ 

Plans for Sewage dispbsal s>steins shall include complete details and elevations of all units and appurtenai^ces, including 
profile from buildings to final point of waste disposition. • ' ^ 

There should be a complete summary of plumbing loads, m fixture units, shown on the plans. , \^ ^ 

For aeration type sewage pldnts (on-site), (ij a suitable fence (which should include barbed wire at the top)1s mandatory to 
-exclude children from this dangerous area, and (2Hhe manufacturer's standard coverihg for the entire tank is recommended. . 

All plans, whkher for new work or addition to existing, must indicate clearly whether sevifage^ disposal" is to a municipal 
system or to an on-site system. * * * . ' ^ ^ ' 

W^en sewage disposal will be to a municipal system, check should be made to assure that the system can Qccept the ad- 
ditional load. ' ^ ' . ^ ^ 

Gas Systems ' » . * ' 

All gas systems, whether for LiP or natural gas, must conform strictly to the requireigents of the NFC, See6on 54, Volume 2 
entitled "Gases". At)plicable also is Volume HI of the NCSBQ, • " - . , ^ 

In particular, the two areas in Section 54 that are of most concern ar^^d) the kinds and typesj3f pipes that are acceptable for 
gas; and (2)'the allowable .methods for installing pipe with respect to. routing, placement,^ spectal treatments and valving 
arrangements*. * * ' * - - ~ . 

The Division of School Planning recommends that pipe, and npt tubing, always be used for gas systems. Welded joints, for 
larger sizes', are^ considered good practice* _^ ^ ^ ' • ' 

It IS recommended and requested that all gas piping be specified lo havQ a 100 ^si air test with soap solution applied to all 



Joints. 



V 
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In all localities where applicable, the engineer should specify that a permit for installation of gas appliances must be obx 
tained,- aridhlocal inspection of the Wrk miist be requested.'* . - * > • ' . | jr 
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In locating gas^fired water heaters, in eith^ new or existing facilities, the engineer must assure thatthere will be adequate 
air for combustion arfd proper ventilation for the space. ' ' . ' \ ' 



Pr700.00 



• * ' 701 00 



Grease Traps ^ . ' . * — ^ 

Exterior grease traps should be installed when reconamended by the contrdlling.agepcy. Applicable directions and instruc- 
tions'shouid be closely followed. A standard size, concreta,septic tank is recommended, with capacity to be apptoximately 
500 gallons. . • * ^ * . ^ f , ^ i^i^ :i 

702.00 Interior gre^e traps are not recommended and shoul(^ot be used; \ 

' ' (Sff * * * t ^ ' • 

• . - CHART-PLUMBING FIXTURE RECOMMENDATIONS 
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moi)nting 

HEIGHTS 



13" 
16" 
16" 
16" 
15^' 

,18" 
20" 
22" 
24" 

24" 
^27" 
31" 

24" 
28" 
34" 



50".66'* 

72" 
60"-66" 

72" 

66" 



FIXTURE-STUlJpNT 
RATIOS 

lto4Qj.^ 



ItoSO^^' 

lto40 ^ 
UoSO 

atoso 

lto40/ 



FIXTURE AND APPLICATION. 
^WATER CLOSETS 

Grades Kindergarten through Thre^, Boys 
/Grades/itirider^arten through Three, Girls 
Grad^ Four ^hroygh Six, Boys 
Gradj^F^ur through Six, Girls . 
; > JAmior and S enior High Boys, Seven through Twelve 
/Junkff and' Senior iiigh Girls, Seven through Twelve. 
/UmNAL'^ 
/ Glides Kindergarten through Three 
^ (JradesFour through Six ' - * " . 
Junior High^ Seven through Nine 
' /^nior High, Ten through Twelve 
/LAVATORIES ' , 

' ^ Grades Kfndergarteil and One ^ 

Grades Two through Six > . * 
Junior and Senior High, Seven through Twelve 
DRINKING FOUNTAINS 
Grades Kindergarten through Threfe 
' • Grades Four through Six 

Junior and Senior High, Seven through Twelve 
SHOWERS (SEE NOTES BELOW);. ' • ' ,y 

Elementary Boys and Girls • 50"-66'* [ 

Junior High Boys, Seven through Nine - 
Junior High Girls, Seveji through Nine , 
Senior High Boys, Ten through Twelve 
* Senior Hi^ Girls, Ten through Twelve • \ 

Notes: (1) Ratios are for physical education installations, which are more than adequatefoy athletics. Figure one shower for 
- each four persons in P.E.ai time of largest class. • 
^ (2) Shower mounting heights should be measured from the finished floor to the center line of the shower head. It \% 
assumed that shower heads will be the pxed type. ^ * ... . • 
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MECH 9 

^. ; MECH ANI^CAL 

' . ' . . ■ ■ "\ •'. 

^100*00 General * ^ • ' 

101.0& The State Department of Labor boiler and tank operating certificate shall be mounted iindei glass in the boiler room (NCOS 

95.65,95-65.1). . ' * ' . , \ ' , 

102.00 ' Adequate free combustion and ventilation air shall be provided in the boiler' room (NCBRR, "SectJon 9rRule 17 (b) ). 
103.00 • Motor overload protectioiv.must be as specified by the NEC. For three-phase motors, protection is necessary fqrfall three 
' phasps (NEC 430-37). / ' - ^ ^ ^ ; ^ ' , . ' • ' 

104.00 Gutters arQ prohibited on range hoods. The rang^ hbod should be mounted so that there is a^minimum of-6' 6'*^anJ a 
^ maximum of 7' 0" clearance from the floor, and it should be constructed so that there is at least 12 mches vertical nse on the 

mside before the hood starts to taper. Range hoods should co^er the entire area of the cooking equipment, and surround such 
% area by at least ^ix inches. . ^ ♦ * ^ 

.07 Capacity of the range hood fan should be approximately lOD clfm per square foot of hood area. A. two-speed 'fmi^ is 
recommended.^^ • ^ x _ ^ 

.02 <fe is recommended that ventilation air be discharged straight up all the way; if this is not done, apprppriate cleanout doors 
should be provided. 

.03 Automatic fire extinguisjiii^ equipment must be installed in'^|dtchen range hoods. (NCSBC, Volume HI, Section 9p9). 
1 05.00 Adequate quantities of make-up air should Be provided for all exhaust fans. Filtering and t^topering air should be con^i^ered 

where this is desirable. . ' ^\ 

106,00 Engineers should size all yalves on the plan^ if they are other than full pipe ^ize. ' , 

1 07.00 There should be a complete heating summary shown on the plans, either all or in part as is appropriate for a given school, as 
follows: ' • . • ^ ^ * r 

V .07 The new load. - , ^ 

\02 The existing load; where this information is not available,' the owner should nwie arrangements to provide it either by the 
^ design ^consultant or some other means. ^ v . • * 

^.03 The capacity provided for known future expansion. ^ ^ 

. .04 TTie spare capacity provided if this is different from Item 107.03. . ' • 
.05 The domestic hot water load where applicable. ' ^ S • ' 

,06 The net SBI or IBR capacity of the boiler or boilers, where applicable. ^ 
* tQS.OO Heating and cooling design condftions shall be stated on the plans. ' ^ ... \ ^ 

The mechanical plans must bear the seal of the engineer who is responsible for W design, and is Hy law required to inspect 
' and issue a Certificate ofCompliance upon comj^letion of the project (NOGS 133-1.1). ' 
110.00 Boiler room floors should be at or above grade elevation unless there is some important reason^for going b^low grade. 
1 1 1 .00 The engineer should select all "running ' equipment with respect to the noise and vibration factor, especially that which is to 
be used in or adjacent to occupied spaces. . * ^ 

/ ' 



109.00 
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'M*200.00 Stack and Breeching 
. ^201.0a Stack . . • ^' \' ^ ' \ 

>j07 ' There should be a hinged cleaiibut door for the chimney. * ' ' • . \ ♦ 

t02 'A flue lining is require^ (NCSBC, Section 1002). Coordinate with the architiect. ' ' ^ \ ^ 

; .03 A precast flue thimble or fire 'brick Iming fs needed where the breeching enters the chimney! Coordiifate with tlje architect. 
04 . Connections, at the thimble, breeching and chimney , must be airtight for efficient operation. 



. ERJC 



.05 For coal fuel and on^ew woji, the .use.Sf induce(^ draft fans is discouraged. In all cases, chimneys should be of sufficient 

heights to* effect-proper smoTc'e 'abatement- . '| ^'^"''^'"'^ ' ^ ' * ' ' ' 

.06 . AnfMuced draft fen should Be suppbrted^independeotly of the breechmg, have an expansjidn joint between lb and the 



breeching, and should^ not obstmct^rmaraccj^saftp'the boiler 

' IS^^ metal -chii^neys arq specified, as they might be for oil or gas fired equipment, the provisions ,of the NFC, \tolume4, 
NFPA 211 shall apply. The materials used and the establishment of proper clearances are of consid^irable impSr^ce. ' ' 
"202.00 Breeching; ^ / ^ ^ . ^ ' " ' ^ I 

.01 The breechiftg should be supported independently of the boiler, and should be insulated l^i! and coal fired inst^allations. 
\,.02 Enough cleanouts,' properly located, should be provided to4)romote easy/ periodic cleaning. 
* .03. A barometric damper should be used where applicable. ' . \ 

' .04 In multf pie boiler. installations, a lockuig-type. damper, should be i?jstalled in erfch separate boiler breeching 

..... . • ' ■ ' ~: ' r. 



M-300.00 Boilers 



I 



301.00 . There shall lie at least threes feetxlearance oii top of low pressure boilers (NCBRR, Section, 9, Rule 17 (a) 
• clearance is also recommended on the sides as a minimum. 



:07 Low pressure boilers with manholessjjould have at lea^t four fefet ceiling clearance. * 

'.02 'the ceiling clearance is fiv^eef tor high pressure boilers. ^ \^ . ^ ' 

302.00 . The safety and/or relief valve capacity must be specified (NCBRR, Section 5, Rule 9). 

303.00 For tube removal- and cleaning, steel boilers shall have minimum clearaitce of the length of f fie. longest tube, pius 12 inches. 



). Three feet 



at the front. 

.Ot Cast iron boilers should have sufficient clearance for cleaifing and firing. This is normally.the length of the boii 
ches» *^ ' ' 



f 



Jer plys 12 in^ 

304.00 When sections are added to a cast iron boiler, the nAme plate and safety valve must be changedVo comply with^the nei 
rating (NCBRR, Section 5, Ru' ' v \ 

30^.00 Boiler ratings ' - 



.02 The IBR net rating for a castf iron boiler should be specified. 



es 9(g) .and 10(c) ). 



.01 The SBI net rating should be shown for a steel boiler. Boiler selection shoul'd be made with respect to load, 
pickup*- 




piping and . 
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- ^ ' mech; /ii 

.,03 Where catalogues show only gross boileir ratings, care should be taken to determine the true net ratings, and pfbper se^iection 
should be made with respect tp both the direct connected load and necessary pickup and piping losses (as applicable to^ 
/ 'schools). . ■ ^ • .' • • 

»' \ 306.00 Deleted. Note: Stoker references that are de'leted will be m^de available as a supplement to this publication. 
• . 30*7;00 Safety valve and relief valve discharges should be installed in accordance with the NCBRR, Section 5, Rule 13.-' 

308.00 The discharge, line from the safety and/or relief valve shall be supported other thto by the, valve itself (NCBRR, Section 5, 

Rule 13). ■ " ■ ' ' ' ' • 

. 309.00 '•Use. copper wire to secure the insulation to the boiler unless insulation studs are used. . j 
310.00 Do pot cover manholeb, rodholes, name' plate or ASME sAmping ori the boiler. r/* ^ 

31 i.OO |f the boiler has a hot water heating coil in it, the coil phall be connected in such a manner that the coil c^not be subjectecito 

pressures above those for which it was designed. A pressure reUe£ valve is necessary for this coiL ^ • ^ 
31 2.00 The boiler bottom blowdown valve or valves, anH piping^ must be sized and arranged in accordance with requirements of the 

NCBR^l, Section 5, Rule 18. V ^ ' ^ . 

31 3.00. The returrt>€onnection at the rear of tbe.boiler should be connected to either the center tap.or to the center of a header cdn- 
\^ ' necting the tv^ outside taps in or4e^^^,pr(|vide even return flow into-thfijmiler. * . x . 

314.00* Boiler piping, as installed, should not restrict the use t)f the smoke hood cleanout door, .manhole opening, and R^uggeH 
^ ^ openings. , , ' ' ^ I ^ ^ ' ^ * i * 

31 5.00' ^ A minimum of one brick course or a,3'' thick concrete base should be installed under a boilpr and its firing device to prevent 

corrosion. X i> ' ^ • 

316.00 Brick and refractory settings for; boilers usually.should be done by qualified refractory contractor^. 
317.00 Cross-type ^ttings shayld be used on steam boiler piping at water colunms, water feeders andt»W cu^ffs for cleaning pur- 



poses. 



318.00 



When specifying steam boilers, engineers should be very careful to properly evaluate the steam and water capacities 
(volumes) of the boilers in relation to the system served, and in relation to the kind of firing fo bp allied <ga8^for example). 
Too little capacity results in some severe problems such as difficulty v^ith holding the water tme. The jnethod of feedwat^ 
' . control becomes very important, and this should b^ properly designfed. widfflhown in detaU on tl(e plans. Each steam boiler^ 
application should be fully engineered to ^uit tha system it will serve. ^ ^ 

M-400-00 Deleted. Noie; Stoker references that are delet^ will bfe made available as a supplement to this publication. 

M-500.00 . Oil Burners and Oil Storage Tanks ^ ^ ^. ^ * 

Light fuel oils, unheated, are recommended rather Ijian h^avy oils: 



501.00 



502.00 . O'ir burner controls. • ' ^ ^ ^ 

.01. ' A^cadmium. cell relay is satisfactory for approximately 3 gph and lower firing rates. 

• .02 An electronic, program type primary control should be used for a firing rate greater than 3 gph. In addition to s^ety cutout, 

^ . this would provide prepurge and postpurge of the boiler; purging ghodd definitely be provided^ 



' . ^ • . ^ ... 

• / 503.00 If the combustion chamber is to be job fabricated, design should' be exactly specified and detailed /On the drawings. The 

desired materials should be set forth, and design should be In strict accordance with manufacturer ^recommendations. 

• 504.00 Oil storage tank capacity should be relative to the size of the heating plant*; and to local service and delivery conditions. Nor- 

mally a 10,000 gallon tank, painimumVc^pacity,' is required to obtain lowest fuel oil cogt through central pufchagiqg, 

505.00 The tank should be^oroughly coated externally with a suitable protective .c&mpound, iit the field, just j}rior to installation. 
A good treatment would be one coat of rediead' paint and wo coats of blaclj asphalt. ^ ^ ' ' 

^' • ''SOBiOO Tank shoulcTbe fabricated of h^avy gauge irietal, and should bear the Underwriters' label. ^ ^ ^' 

507.00 , Tank,' shall be installed^in strict accordance' with all governing fir6 and building codes. • ^ ( 

« .07^* All tanks should^be installed uncierground. ^ * < • • ^1.: ♦ , . " - . 

, .02 Fill end of tank should h& 4'' to low.^ , ' • ^ " / 

•508)00 Tank should be adequately anchored. ^ . . . ^ * 

M-600.00 Steam, Hot Water and Cooling Piping * _ 

601. pO Pipe tunnels are recommended, and should be large enough tp work in. Thiaarecommendi^tion applies to those cases. whpre 
pipe must be placed below grade or below floor slab. (Please see next item). - > j . ' 

• 602.00 Heating or cooling pipe should never be placed un^krground or beloW slab on ^ade unless there is no other choice. Conden- 

sate lines, which must necessarily be placed ufidergrdund at times, should Be copper, T^Pe "K", or spifie oth^r material that 
is especially corrosion resistant. Fittings for copper pipci shouHTbe \vro\ight tS^^f and joints should be made with 95-5 solder 
or better. ^ ^ ^ ' i - ^ 

603.00 When it is necessary to install condensate pipetulderground (thalris, under a slab on grade), the pRcticjB of placing the pipe, 
wherever possible, ot^tside the periphery of the buildihg is .highljj preferable to placing if under tjie^slab. 

• 604.00 Insulation* in the boiler room should ha^ a protective- jacket applied.' / , ^ \ ' 

^ '605.00 Pipe anchoring, and provisions for expajnsion (by mean3 of ^xpafrsion fittings, swiijg joints or expansion loops) must be 
provided where necessary. ♦ ^ X ' • , a • < 

606.00 Install unions in all pipe lines for the removal of traps, valvea, Strftinf rs, etc., except when the fitting is the combination un- 
' ion or flange type. ^ -^>*^ , ' ' • ' ' ; - 

607.00 A piping hook up detail for each piece of lieating and pooling apparatus, irickiding boilers, pumps, hoi water generators and 
tanks, converters, radiation units, forced air heating* and cooling ui\its an'd'drib^^sembUes, and for all pointy where special 
c* piping conditions exist, should be shown^ori the /plans. ^ . , _ * . " 

60^00 Pitch directions for all heating and cooling (water) lipes sh6iiidl)e ,shown on the plans.* ^ , \^ 

609^00 The locations of pipfing runa.(sucji as above ^^ilings, exposecl at ceilings, ^tc. /should be indicated by potes on plan drawings. 

• 610.00 . In a coiAbination hot water chilled water system incorporating boiler, piping must be arranged and salved so that cbtlldd 
* ^ , water cannot circulate throu^ the boiler^ (NCBRR, Segtipn 5, Rule 27). Also^ hot water must not. circulate through the 

chiller. • * * a - 
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M-700.00 Radiation and Unit Heaters * * 

701 .00 ' Individual control valyes should>^^ sized large enou'gli not to restrict capacities. Two.iK)8ition valves should be full pipe size. 
702 00 Strap.on limit controls, to prev^t cold operatjtm, should be installed on all unit heaters and cabinet heaters that arehot 
used also for ventilation or cooling. Unit heaters in shops, for example, that kce desired- for cftculating air separately from 
^ * heating may include an additional on-off-automatic control to acj^bmplish this. 
703.00 Valves, balancing cocks- and traps should be accessible (not behind Covers without access panels). 
704.00 The fronts and ends of radiation covers should have a minimum thickness of 16 gauge. 

800.00 Controls * > • . - 

801.00 Engpn^erfr should specify in detail all controls, and describe sequences of operation. ^ - . . 

802.00 All controls, ^tart^rs, switches, etc., should.bp permanently labeled after installation. 

803u00 . Heating control diagrams should appear on the plans. , . 

804.00 Rigid guards^ of cast iron or similar construction, are needed to cover 4:hermostats iQ^gymnasiums, dressing rooms, shops, 
corridors, restr^ms and other unsupervised areas. * 
.07 All thermostats 'should be located on the.plans. , ' ^ ; , 

805.00- Deleted. Please- refer to Iten) 306.00. " - ' 

806.60 When an Wuced draft fan'is used, a prepurge and low. draft switch should be installed. Postpurg^e should not be used on 

stoker installations. Manufacturer's rBcomi^ended pipe size from the breeching to the controller must be followed. 
807.00 Any control circuit for any kind of space heating device or .water heater" should Be a phase-to-ground circuit. A phase-to- 

phase circuit should not be-ifised. Voltages recommended are 120rvolt8, 277-volt8 and 24wolt8. 
808.00 "as an important factprin conserving fuels and energy it is 6f the utmost'importandMhat (1) clock control And (2) night set- 
back control' be' provided for., all space heating and cooling equipment. Also, clocks or timmg controls are oftentimes 
applicable to fexhaust fans. * ^ ^. ' . ' ' 

.01 \In most cases, cboling equipment should, be turned off altogether during unoccupied periods (nights, weekends and 

nolidays).' » A ■ ' , ' ' 

.02 The control consideration referr^^ here irfeans turning off all equipment, including pumfJs, unless some of it is needed'to 

prevent freezing. . , » ' • " * • ' , . • 

.03 Boilers should be controlled in such!? maimer as to use the least possible amount 6f fuel during off heating periods. 
.04 Outside air dampers should be kept closed' on night setback, arid during start-up and warm-up periods. , 



M-900.00 

, 901. pO, 

902.00 
903,D0 



Hot Water Heating Sys^rfis ' * ^ 

Feed or make-up water tithe boiler should b^ at the return connection to the boiler and shall be piped to comply wth 

NCBRR, S'^ction 5, Rule 22. 

There should be a valved bypass arouild tlTe pressure regulating v^lve serving the system. ; 

The low watpr cutoff should be installed normally in -the riser lin.e off the boiler nbzzl§ (NCBRR, Pag^72, and the diagram 
entitled "Hot Water Boilers an Battery" that follows herein);^ ; ' • • ; . 
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905.00 • Air control fittings at boilers and compression tanks are necessW* On large installations the use of separate chamber air 
elimination devices is recommended; these are pressure vessels and must be so treated. 

, .07 A shut-off valve should be installed in the pipe line to each expansion tank fot servicing. 

906.00 - Hot water circulating (heating) pumps should have bronze impellers. , ' 

907.00 Deleted. Please refer to Item 3d6.00. ' . . . ' ' 

908.00 Reverse retui:n design of hot water heatii^g pr chilled water system piping is highly desirable, and shoufd^be used. 

909.00 Automatic valves should be the same size as the' pipes except where modulating valves arfe used. ^ 

9ia00 In multipte bojler^installations, piping arrangement at .boilers andgumps shoiild be such that water flow is equally divided 
through each boiler. With respect to balanced flow and directio^T^fiKw, attention is called to the diagram that ^follows in 
this section as a recommended arrangement. In general, pumpmg^way fix)m the boiler (d) to the system is tw^far the most 
workable- .method. • . • 

911 .00 * All comp^ggsion tanks should be specified to meet ASME Code construction, and be so stamped. Sight glasses should not be 
installed on tanks. * . ' 

912.00 Manual type air vents should always be used instead of the automatic type. ^ * " - ' 

913.00 For economical reasons, the installation of standby puinps is not recommended. When warranted, a spare motor could 

' supplied. There may be times when par^lel pumping could be a worthwhile. consideration. . 
914.00 * Pumps shall have a qutoff valve on each side for servicing. One valve may be an air -tested balancing cock. 
915.00 A simple flow diagram is usually a big help in defining the system. 
9t6.00 J^oilers must never be piped for reverSe flow. Ppmp away frona t^e boiler in molt cases. 

917i00 When roof top heating equipment is used in conjunction with hot water, it is obviously ppor praptice to install liW coils in 
the units themselvea because of possible freeze upfSuch coils should Be located in duct work down inside the building. 

M-JIOOO.OO ■ Steam Heating Systems • 

• 1 00 1 .00 The low water cutoff and safety water feeder shoul^i be set at a level 2 V2 " below the norm al Water levd of the boiler (NCBRR, 
Sections, Rule 20). , • . v\ 

1002.00 . The condensate pump should be siz€d for 'th^j^ capacity of the boiler. . „ * 

1003.00 The condensate pump should have a cast iron receiver. 

.07 * Vertical, underground type pumps are preferred over floor-mounted types installed in pits. 

M-11 00.00 Gas Hjeating Systems^ Gas Burners and Gas-Fired Boilers ' ' ^ ' : 

1 1 01 .00 Gas/heating systems, direct*fired, must be installed in accordance jsvitli pro\g^ions of the.NCSBC, Section 2902. Any other 
type of direct-fired system is not permissible. , * * ' ■ . 
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1 1 02.00 When a direct-fired, gas system is to be used for a public school building, H is urgently recommended and requested that the 
des^ing engineer and architect hold a meeting in the preliminary stage$ with the Division of School' Planning and the 
Department of Insurance, if necessary, to discuss the matter ifi detail. This would be highly beneficial to all parties don- 
cemed with respect to system and equipment selections, and in avoiding design considerations prohibited by code and/or 
law. ' ' , ^ . , • 

Gas burners, for boiler firing, are recommended to be of the atmospheric (non-j5ress\ire) type in the lower range of sizes (up tO 
approxiamtely 2,000,000 btu input). Factory engineered units, incorporating boiler a^d burner, are preferred over other 
types. w , • ^ V' . * 

Use and proper application of the best grades of gas combustion equipment^and safety controls are mandatory. All equip- 
ment and controls should be specified to be in strict accordance with manufa^urers' recqmmendations apd £he,best 
accepted practices, and they must meet requirements of the AGA. The engiiieer is. reminded here that control equipment set 
forth in printed material by mariSiactiirefs, although it isprobably adequate, from a safety standpoint, is us^ially minimum. 
Hence, combustion control components should be carefully engineered to produce the degree of safety and pjerfbrmance 
needed in public school applications. Attention is called to the require^nents of NCBRR, Section 5, Rule 25. Please refer ta 
the diagrams that follow herein. * • - ' ^ ;^\* - ^ 

The approved methods of installing gas piping, and the types of pipe and fittingslto be used are of considerable importance. 
Specifications and/'or plans should state these items in detail*. The requirements' of NFPA 54 are mandatory, and hence 
should be adequately shown and described. ^ ^ ' * ^ 

G^s/ piping test should be the same as that referred to in Item P-604.00. ^ ' ^ 

It may be worthwhile, in gas-fired boiler'^installatioi^s, to consider the installation of combination gas-oil btimers to provide 
dual fuel capability. * • .^^ 

Pipe lines vJljiting gas from appliances or devices must terminate outside the building. 

Electric Heating Systems ' ' 

Each proposed electric heating.applIcation should be evaluated with respect to the energy unft Cost (per kw hOur). That is, 
*^the engineer shduld assure that the pmieTj^ll receive aij energy costjate at or very near the aU-electric rates for public 
schools as set forth by the major pow^LP^^anies. This js a vital 'factor in determining whether to select arf electric heating 
system. ' ' ^ ^ - 

All Items of electric equipment installed in North Carolina public schools must bear the Underwriters' Laboratory Label as 
required By NCGS. This is true for any and all electrical equipment installed in any kind of system. 
Safety, and all the requirements of the NEC are mandatory in electric system design. Specifically, attention is directed to 
the 1975 National Electric Code, Article 424-Fixed Electric Space Heating Equipment. * • , 
When large electric heating systems are to be used (and assuming that the school will be all-electric), 277/480- volt (265/460- 
volt) electrical systems will usually be applicable and ^esifable. . ' ^ , 

The conductor insulation for supply connections and other field wiring for electric heating apparatus should be specified. In- 
sulation with a higher temperature fating than TW is usually required in these instances. ' • , ' 

In toilet.rooms, locker rooms and any other such areas subject to wetting or washing down, electric heating apparatus should 
not be placed neaf the floor. ' ^ . ' ^ . 

Delete^^ ' 
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When demand iaetenrig (for billing purpgses) is toj^ applied by the power corap^ we shouldl5e laltenlo sta^ 
starting; of loads to minimize the^demand factor, ^e Item E-117.00. 

• ' • J ' - * \ • 

VentUating . • , ■ • . 

Tte Division pf School Planning, recognizing the importance of proper ventilation, recommends that consideration be given 
to providing iriechanical'ventilation for all the occupied spaces in a public school building. Minimum quantities of air would 
, then at least meet requirements of the NCSBC. . * ' ^ 

Mechanical ventilation may be provfde^ by means of a separate intake and exhaust system, or by means of integtation with 
the heating-cooling system. The, latter method is much preferred. " - ^ * • ' 

When ventilation air is introduced into a^spa^e adequate provision must be ma(fe tor air relief. 

Variable voluiie ventilation systems, whether separate or integrated with heating or cooling equipment, aije very useful in 
the. North Carolina climate. , I ' ' : < 

Mechanical ventilation is vital to gymnasiums, locker roofes, certain storage rooms, dressing rooms, laundries, toilet rooms 
and janitor's closets. . . ^ I < 

It is appropriate to provide for year-round, timed operation of ventil^fton equipment for areas where uniforms are stored. 

Mechanical Ventilation (exhaust) is recommended for any toilet room, whether or not a window is^fovidedTtEat has more 
than one wfiter closet. . ^ — 

• A sound trap should be installed in»a duct system servin^^wo or more toilet rooms. , 

Food storage room ventilation: THis is necessary, and should be done by means of introducing outside fresh air near the floor 
and expelling exh&ust air through tl;ie, roof, all by gravity flow. . — 

Paint spray roOms demand special t^reatment with respect to ventilation and safety requirements. Paint spray booths, com- 
merical type, are recommended. If one is not to be used but a paint spray room is desired, the engineer should be careful to 
investigate this matter thoroughly with respect to regulations-and codes. ^ 

Air Conditioning (Cooling) ^ , ' 

Cooling is recognized as a desirable and useful feature in public schools. It is feft that cooling should be considered for schools 
or portions of schools that will be used for either full or part-time summer school programs. 

Cooling should^ provided for all interior classrooms witliout exception. 

Any of thfe types of cooling systems that conform to good engineering practices are acceptable. The typaof system used, 
however, should be given careful Consideration with respect to each ind^idual case. The economics of btJth the first cost and 
the operating and maintenance cogt should be analyzed. * t 

Itls looked upon as good practice to consider provisions for future cooling in any new school thai is not to have cooling in- 
stalle'd initially. This is td*say that system design, relatied equipment and services could all be considered in the light U ad- 
ding cooHng/at a later time. - 4 " * - 

Cooling'load summaries should be shown on the plains in the same manner as for heating, f 



Consideration should be given td providing humidification control in air conditioning system^:^ 
conditioned spapes are carpeted. * . * f 



r 



very important when 
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1406.00 In central plant A/'C systems carefuLgelection of the refrigeration equipment is important Proper evaluation should be made 
of capacities, flexibility, space i:eqSTements, noise and vibration factors, operating and maintenance costs and etc. Load 
, diversity should be considered where applicable. The type of refrigeration machinery to be used, reciprocating, centrifugal, - 
hermetic or open should be carefully investigated and evaluated. • 

1407.00 Self-contained, unitary A/C equipmeait is acceptable where applicable. However, such equipment should be very carefully 

^ ' , evaluated with respect to life.expectancy, capacity lipiitations, ventilating 6apability and noise factors. 
14Q8.00** Window type A/C units are not recommended, ^d should be used only as a last resort. , . ^ - 

Mechanical (HVAC) systems and. Equipment^ Fuels - ^ ' ^ 

150t.OO-~ Apparently-thatimeisJierejsvhen jt \^ imperative that oivners, the desigi»5)rofessions and state and local agencies accurately 
' and properly relate the first cost of a proposed facility to projected e6ergy"arid/or fuel consumption, and i,ts cost. It may be 
that the 16fl^first cost alone should not determine the kind of mechanicaTsystem. Caref\il analysis and investigation should 
. be made to the end of completely informing the ofwner. Decisions on the type of mechanical (HVAC) systei^^d the fuel to 
be used could then be niade^on the, Basis of the best information av£ulable. 

• \ . .07 The kind of analysis and investigation referred to above would probably dictate the use of a computer. By means of the com- 

^ puter a complete life-cycle cost analysis cai^^^orecast . If properly done, this is the *kind of study that could be of red value. 
Such a study would require the expenditure of additional funds by the owner. But the amount of additional expense in com- 
panson witli the potential value w^puld be small. Also, this expenditure should be recouped rapidly in savings in oper ational 
costs if the results of the studj are properly applied. Industry has computer prqgrams. available for the complete evaluation 
_ - of HVAC economics an d^e-cycle-costs. These programs should be eValiiated by the design professionals and purchased on 

their advice. >/ v . " » ^ f 

• • \02 The 1975,Q4eral Assembly of North Carolino-enocted legislation to provide for the performance bf ener^r consumption 

f analyse^^ major construction or renovation of build^tM in certajn cases. These analyses would require the investigation of 
total life-cycle costs. Owning agencies and th6 design^rofessions should prociire copiA,of this legislation and become 
familiar with it. Title of the legislation is, "An Act to Establish Policy for State Agencies to Perform Energy Consuniption 
Analyse^ onMajpr Construction or Renovation of Buildings," and it can be found in Chapter 434 of the 1975 Session liaws. 

• . 03 Addendum to Policy IV. of "Policies^ Rules and Regulations of the State Board of Education Governing the Expenditure 
^ ' of the- $300,000,000 'State of North Carolina Public School Facilities Bonds of 1973.' " , 

The State Board of Education on October 2, 1975 adopted, in accordance with Chapter 434 of the 1975 Session Uws, the 
^ following amended addendum to Policy IV. F.^ which will be effective January 1, 1996: . 

. . School building plans for each project subfliitted fear approval to the Division of School Planning shall include an analysis of 
the total energy necessary to operate.the-schoorplant during a normal/or average year. This analysis, to be prepared by the 
designing architect and engineer, shall^include estimated energy necessary to he^t, cool, and light the buildmg an* to 
operate th^ equipment essential to both the building and the program. The total annual energy need shall then be translated 
• into cost by type of energy based on'curreht cost of eacli type of energy; i.e, .electricity, coal, oil, natural gas, LP gafi, eto. In 
submitting this information the local board of edMcation shall certify that it concurs in the analysis and recommendation of 
the des?g^^fessionals that the type of energy and the ty^3e of system .in each case is judged to be the most cost-effective m 
terms of energy conservation,^ operational co^ts, and envirionmentaT considerations. 
• Unless judged by the Director of the Division Sdjiool Planning to be unnecessary because o! scope and proposed use of 
^ • facility, plans for all projects with 40,000 dr more gross square feet of floor space shall include a life-cycle cost analysis of the 

O 4 : project. . / • ) * ' , 
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This life-cycle cost analysis shall incliide but not be limited to such elements as: ' . * • 

The coordination, oriehtalion and positioning of the facility .on its physical site. \ * ' 

Theimal "tharacteristics of materials, and the amount of msulatipn incorporated Into the facility design. , 

The amount sxiA type of fenestration employed in the facility. . " ^ 

The variable occupancy and operating conditions of the facility, including illumination levels. 

Architectural features which affect energy consumption. ' ^ * * 

An energy consumption analy^ of the major facility's heating, ventilating, and air-conditioning system, lighting 
system, and all other energy-consuming isystems. The energy consumption analysis of the operation of energy- 
consuming systems in the major facility should include but -not be limited to: ' 

The comparison of two or mbre system alternatives. 

, The simulation or engineering evaluation of each system over the entire range oif operation of the major facility fora 
year's operating period*. • I - . . . ^ * 

The engineering evaluation of the energy consumptioifoF component equipment in each system considering the opera- 
tion pf such componehts at other than full or rated outputs. " * 

In addition to the above elements the life-cycle cost analysis' shall include the following information; 

The initial estimated cost of each energy-consimiing system being compared and evaluated. * 

The estimated annual operating cost, of all utility requii^ements. • - * . * ; 

The estimated annual cost of maintaining each energy-consuming system. 

The average estimated replacement cost for each system expressed in annual terms for the economic life of the major . 
. 'facility. \ 

"The life-cycle cost analysis shall Jbe certified by a registered architect or registered professional engineer, or Jijy both 
architect and engineer, particularly qualified by training and'^ experience for the type of work involved, and in confor- 
mance' with the provisions of G. S. 133-1.1." 

Providing the life-cycle^st analysis is .considered to be § service over and above the normal service expected and 

required under the usual ownj^f/architect agreement. \ \ . 

J * ' ] ( . * ^ 

Mechanical (HVAC) systems that incorporate air handling equipment are encouraged, and warrant serious consideration 

(rather than just heating and cooling systems that may or may not have separate ventilation). Qhe primary reason for this is 
that 100% ventilation capability can be built into these systems, and thereby provide economy for cooling with favorable out- 
side conditions. Also, this ventilation capability couW supplant cooling if it became absolutely necessary. 

It is not the intent of this publication to suggf 9t any one kind of fuel as an energy source. The owner, with the assistance of 
Ws design professionals, should decide on fuel or fuels. Apparently, cost and availability Qre the two principal facto^ to con- 
sider. * ^ . • , . » . 

The use of solar energy for HVAC has become a reality. It is only beginning, but much of th6 know-how. and the hardware are 
already available. Solar energy is easier t6 apply for Jieaang than for cooling. Owners and the design professions should in- 
vestigate the potential of solar energy for any given project, particularly as it v^k^t be used fox space heating and/or heating 
domestic hot water. ' ^ ; ^ 
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If a school is to be all-electric, one consideration in, particular could prove to be of great importanc&i6 t(e future. That con- 
sideration is whetlifet^f^ HVAC system (particularly heating) should be , "wet or dry". Basically the reference here is to 
those HVAC systems that incorporate air handling equipment, as teriAinal units, tolieat, cool and distribute air. Historical- 
ly, most electric heating systems have incorporated straight electric resistance heating elements that heat air directly, and 
are therefore "dry" systems. Some electric heating systems are designed to use hot water as the heading medium, and this is 
heated by an electric boiler. Cooling can be and oftentimes is combmed wjth either of these. When hbt waiter is )Med. for 
example, a combination of hot water-chilled water cah be applied to make up the heating-cooling mediuMs. Thereforife, when 
electricity is to be used for heating, it could be advantageous somewhere in the future to have a wet system, incorporating a 
heating boiler, whereby the owner could have the ability to change fuels merely by changing some boiler hardware, or at'most 
by changing the boiler itself. This could provdHo cost much less than changing all of the straight electric resistance heating 
equipment throughout a given system.tp take advantage of changes in fuels availability or costs. Owning agencies with an w- 
Iferest in such a ^ysCem should cotoimunicate this, to the design professions. 



New and modified HVAC equipment and systems are constafltly being developed by both the design profession and.in- 
.dustry. Heat reclaim, heat recovery or heat transfer systems should be Of chief interest among these. Such systems areand 
will b^ designed- to use the heat input to a building to* the fullest extent before it is expelled to the out-o|^door8. These, 
systems will claim heat from such sources as lights and bodies and use this as input heat to the heating swtem. Cooling 
systems should be designed to take advantage of heat transfer methods and, heat rejection methods that wiU- properly assist 
them in their operation. All of this is an effort to reduce heat (energy) input to a building and thereby cdnserye fuel and 
reduce total fuel costs. In the future, where it may be possible to advantageously use such systems 'and where good 
^gineering practice? are indicated, owpers and the design professions should investigate their potenti^. _ 



jred 
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Rooftop HVAC equipment has been used extensively in the last few years. Experience with such equipment tias emphasized 
several "important considerations. (1) Because of the harsh conditions'imposed by Operating out-of-d6ors, only the most 
durable equipment should be specified. Longevity then becomes a question; e^iptaent ^tM°P quahty hardware 
finishes exposed to the weather is all that should be considered. ,(2) F^quent maintenanefe wiH^be si necessity, and high 
priority-should be given to selection and design for ease of. maintenance. (3) Roofs are^vaMef^ble; itjs recommended ^p al 
cases that suitable walkways be provided ontooofs for access to and around all rooftop equipment. The DiYision-^of School 
Planning recommended heretofore and still recommends that serious consideration be given to adequately sheltering of fully 
enclosing rooftop HVAC equipment in all cases. , 

The availabihty and costs of fuels and energy in the future appear to be unknown quantitiesj^eeins possible that the flme 
could come when energy will be rationed or assigned- for the operation of both'new and exMg buildmgs. Owners and the 
design professions should begin to take a critfcal look at all buildings with energy copsiimpfioi) as a prime consideration!^ 
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. ELECT ^ 25 

• / ^ . " * E L E C T B rC A L 

ANDLIGHTING 

E-1 00.00 General - . , " ^ 

101 .00 The electrical plans should include a riser diagram showing service conduit size, conduit type, service wire size an^d type (or 
bus duct), panels, switches, pvercurrent device sizes, transformers (when used in the secondary system), feeder conduit sizes, 
feeder wire sizes ajid complete groun3ing and bonaing details. 

i I- 

.07 . Grounding and bonding details can^^est be shown by means of a separate diagram, 

» 102.00 \The electrical plains should include a numbered circuit diagram for each panel showing circuit use, circuit*breaker size, cir 
* Vuit^wire size, cir^Juit conduit size, phase loads and total panel load. ^ 

103.00 , The emergenpy systen^ must be kept/ separate froni all other wiring (NEC 700- ' * ^ 

104.00 Where wire and equipment is oversized for future expansion or for equipment which may be added in the future, some nota 
7 tion of this oh the plans is helpful to everyone concemed, 

» 105.00 The, entire system shall be, color coded. Painting or taping shojuld not be applied to wire of size number sixkx)r smaller. 

. -07 Two sets of colors should be used for cpfor coding^ dual voltage systems (such as 277/480 and 120/208 volts). Color standar- 
dization for the phase conductors shojiald be red, black find blue for 120/208- volt systems, and yellow, brown, and oranjge (or 
277/480-vort systems. ' * ' 

106.00 When long runs of wire are used^ voltage drop shoul€ be considered (independent of spare capacity), 

>5^TO7S)0 * jJhe electrical plans must bear the seal of the engineer who is responsible for the design and is by law obligated to inspect and 
I Issue a Certificate of Compliance upon completion of the^project (NCGS 133-1.1). 

108.00 All electrilal plws and specififcations should be coordinated, i.e., heating controls, general lighting and plumbing wiring. 

It is recommended that wiring and final connections for ^e control of mechanical equipment (heating and A/C controls) be a 
' part of the mechanical contract. ^ ' * . 

Secondary voltage systems. ' , . " ' S ^ 

The electrical plans should show the secondary v^tage (preferabl|^at the riser diagram). 

Acceptaft)le secondary voltage systems: \ . , 

120/208-volts, 3*phase^ 4-wire, wye. " . , * * 

277/4S0 (or 265/460) -volts, 3-pha8e, 4.wire, wye. - 

120/240-volts, I'phase, 3-wire (refer to next item below). ' * ^ . 

The smgle-phase system is acceptable only whph the school is and vrill remain very small, for a small a<Jdition that is served 
separately or when it is^ impossible to get a three-phase system, y ' , * ^ ' \ 

.026 Delta type systems (such, as 120/240-vblt, 3-phase, 4-wire) are not desirable, and should bemused as little as possible. One 
proper f^plicattipn^ight he the use oTa.480-volt, delta service for distribution from which transformation to wye systems 
will b^ ihade' t^mighout tbre site. Also, in a kitchen or a shop for example,, which is served separately and has^a high percen- 
^ * tage use of 24Q-vort electricity, the 120/240-volt, 3-phase system could be applicable. * , 

110.00 ^ Reference is made to step down transformers within the secondary system. Details for transformer wiring, grounding and 
* bonding should be shown on the drawings, Attention is called to the diagrams showing typical grounding^jand bonding that 
A Q follow in this section. . ^ - 
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^ .01 Conductors supplied^rom the secondary terminals of a dry type transformer, within the secondary electrical system, must be 

provi(}ed with overcurrent protection in accol^nce with the requirements of the NEC 240-3 and 240-21. Conductors from a 
' single-phase transfornier can be aiv exception. . - 

• 1 1 1.00 Locations for step-down (dr> type) transformers are important from the standpoints of safety and proper operation. Such 

transformers should never be located in wet areas or areas that are to be washed down by hosing. They should never be 
' placed directly on the floor, but should be elevated to eliminate a possible water hazard, it is suggested that they be mounted 
on^ngle iron frames 18" high. Consideration should always be given to locating transformers in properly ventilated ai:eas. 
The Division of School Planning feels that such transformers should not be directly acceaeible to studeilts, but rather should 
be placed in equipment rooms, qlosets or similar spaces not frequented by students. Please refer to the NEC 45Q-2L 

1 12.00 . The specifications shall demand that Jdl insulated conduct9rs be injarked on the outer covering, giving voltage, type and size 
so that, they can *be readily identified fffter installation. ^ • 

1 13.d6 There should be shown on the plans a complete electrical summary, e|ther uA or in part as is appMtoriate for a given school, 
^-^S follows: ' • , ' T) ^ 

.01 The new load. ' ' • ^ 

.02 The existing load, where this information is not available, the owner slA)uld make arrangements ^ provide it either by the 
ensign consultant or some other means. 

.03 The capacity provided for known future expansion. 

, .04 The spare capacity provided if different from Item 113.03. 

. .0^ The. total capacity of the service. ' / 

1 14.00 In 20-ampere branch circuit wiring, some circuits are of such length that number ten wire must be used at the beginning of 
the run to avoid excessive voltage drop. * ^ - ' 

, . * 1 15.00 For general classrooms, one 20-ampere circuit should be used for the receptacles only in one classroom, and ripthmg else 
' should be on this circuit. This is ii minimum requirement. Special classrooms will require different considerations. 

• ^11 6.00 Reference is made ,to making buildings accessible to and unable by the physically handicapped (as required by the NCSBC). 

Please refer to Volume I, Section (IIX), Item 4.10 (Craftols) and Appendix B (Public Telephones). This section must be 
complied with where 'required- ^ ^ . . 

• 1 17^00 The electrical engineer is urged to work closely with t^^ mechanical engineer to limit the load demand factor to the lowest 

possible and reasonable figure. This is extremely important with respect to monthly power bills to the owner, and apparently 
will become even more so. Clocks, other timing devices and perhaps other siJecial control equipment should be carefully con- 
sidered. Please refer to Item M-1268.00. 

E-200.00 Service Drop 

201.00 The location of the nearest power pole should be shown on the plans. This would be in addition to locating thfe padmounteJ* 
transformer if one is used. v . 




202.00 The service entrance should be detailed and dimensioned, showing the point of attachment to the atructure along with the 
clearance of service wires over fmiph grade, drives, and roofs (NEC 230-24 and 230-29). ' 

.01 Flat roofs afe considered as being of the type which can be readily walked upon regardless of the difficulty of gaining access 
to the roof l^vel. ^ ^ o : ^ * ^ 
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203.00 / Connections at the service head must be made in accordance ^with requirements of the NECj^ Article 230-54 (refer to 
/ Paragraphs (c), (f) and (g) in particular). ' " ' . o " 

^. 204.00 Attention is called to the sketch entitled "Wiring and Equipment Diagram" which follows in this section. 

20&.00 Underground services are highl> recommended, both primary and secondary, and should be used in all cases where possible 
J ^' and justifiable (with respect to cost). ^ * ' ^ 

.01 Routing for 'the underground service should be shown on a plot or site plan. 

E-300.00 Service Equipment % > : . - * 

301.00 All service equipment shall be bonded up to and including the first overcurrent device (NEC 250-71). 

.07 Specification$ should cover bonding, and bonding diagrams should be shown on the plans. • ' 

V .02 . The bond wire used to cari^ the fault current of a parallel service, where two or more conduits are using the same jumper, 
shall be si^ed on the combined conductor capacity and not on the capacity of one set of conductors (I^EC 25.0-79). \ 

302.00 The emergency system shall be bonded up to and ificludihg its overcurrent device (NEC 250-71 and 250-75). 

sbatOO * Switches, cabinets and cutout boxes of the surface type aad naetal racewf^ys, boxes and fittings naounted on walls subject to 
dampness shall not be^ttached directly to the.wall-surface but shall have at least a Va inch air space between enclosures and 
' the walls or other st^orting surfaces (NEC -373-2). * ^ ^ / - : 

304.00, Cabinetaand cutout boxes in switchgear shall be' increased in size to accommod^itft-eifra connections (NfJC 373-7). , 
305.00 Groundinj; ^ . , ' • ' . * 

^,->.>.rO*«»-> j:ach ^ndividual building or structure shall have its ground ^d disconnecting means as required by the NEC (NEC 230-70; 
235^^ and 250-24). * * . , . 

.02 The ground conne^ction shall be to the building water main (metallic pipe) and should be accessible. Point of attachment 
"shall be shown on the plan. . , . , . * • t 

.03 When the ground wire ifl protected by the use of conduit, the conduit and wire must be bonded together at both ends of the 
'conduit (NEC 250-"&2). * ^ * ' 

,.04 The size of the grounding conductor shall be shown on the plans. . ^ , ' 

.05 It is possible that plastic or other nonconductive pipe^for building water service 'might be installed. However, this is not 
recomme nded' by the Division of School Planning. The electrical engineer is requested, when it is appropriate, to com- ^ 

^ ' municafg>ith the plumbing design engineer to infonn him that nonconductive pipe is useless aa an electrical ground, and " - 

' that metallic pipe is needed and recommended. In any event, proper grounding mustiDe established in accordance with tne 

requirements of the NEC, Articles 250-81 through 86. ' , ' ' 

306.00 Electrical service equipment sliould not be located in boiler rooms. This is definitely true if (1) coal fuel is used or (2) if boiler . 
^ ^ room is below grade. Where oil or gas fuel is used this equipment, may be located in the boiler *rodm,* but it is not 
recommended. Also, and in all c«bes, electric service e^quipment located in a boiler room shoQld be iixj^Cjcmipletely separate 
enclosure built just to house that equipment. ^ • ^ ) 

307.00 ^ Service. equipment should be Specified as service equipment, and must have the U.L. l^el a$ such.* y *• 

308.00 For equipment interrupting capacity, reference is made to the NEC (NEC 110-9). . ^ •53'v_!^^ 
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• 309.00 Attention is called to the sketch as indicated in E-204.00 above. ^ 

E-itOO.OO Distribution Equipment ^ * ' ' , , , ^ 

401.00 Panel specifications must include special approved lugs where the conductors are run in tnultijile. ^ 

4*02.00 Bolt-in type breakers should be used in panels. 

♦ /■' ' , 

403.00 Breakers should be numbeted and l^rancti circuits^should be installed as shown on the plans, shop drawings of panels should 

match ther plans. 

* * ' . 

• 404.00 Do nqt allow more than one solid or stranded wire under one lug or, screw type terminal unless it is approved for such use 
(NEC 110.14). • . ' ' f ' ' • 

405.00 It is recommended that throated, insulated- bushings be used on all EMT connectors. 

406.00 Spare con^its^^hould be included where spare breakers ^ provided in flush mounted panels. 

407.00 Where the number of ov ercurrent devices are such that it becomes necessary to provide two panelboards mounted side by 
side, sufficient information shall be furnished the contractor to permit conduits to be run to the proper enclosure. 

408.00 r Proper panelboard protection is necessary (NEC 384). 

409.00 The use of transformers to convert 208-volts to 240*volts for uSe in home economics ranges is not recommended. 



E-500.0Q ^Branch Circuits \ " 

501.00^ M^tal switch and receptacle cover plates are recommended*-, ^ , . , * 

*502.00 Moistureproof switches and fixtures must be usedjin wash areas, «hower ropms, freezer and refrigeration rooms and other 
^ ^ such places' that are likely to be subjecte^^ water or moisture (NEC 410-4 and 370-5). * ^ 

503.00 Do not use fl,ush floor 4ype receptacles in kitchens or like places subject to washing down and mopping. 

504.00 _ At* least one duplex outletJa^lieeded in the boiler room* 

505.00 -Juncty)n and pull-boxes, as a minimum, shall bg sized according. to Code (NEC 370-18). 

506.00 A mujti.wife branch circuit, as defined by the NEC, Section 210-4, shall be connected in such a manner that the neutral will 
arry more thap the riJaximum load of any one of the "hot conductors** in the circuit. . / 

All locknuts must be tightened during installation (NEC 300.10 — See the definition of branch circuit). 

Do not load branch circuits to more than eighty percent of their rated capacity (NEC 210-23). ' 

Fluorescent fixtures mountecl on combustible, low density, cellulose fiber board shall be installed as require^ by the Code 
(NEC 410, Par. N). • - * , 

51P.00 The NEC requires that a minimum of three (3) watts per square foot of floOr area in branph circuit capacity, for lighting, be 
provided in scl\ool classrooms (NEC 220-2). 

511.00 Deleted. ^ . . - 
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E-606.00 MotoES and Equipment - . 

601.00 Where raceway flexibility is desired at the point of connection to the mgtor or piece of equipment, flexible conduit must be 
^ installed in accordance ^with Code requirements (NEC 350). ^ • 

eO^.dO Thermal overload protection shall be provided for^^very motor as required by C^e (NEC 430, Par. C). 

.07 Running overcurrent protection for three-phjise motors must be provided in each phase, all as required in NEC, Article 430- 

603.00 Eajak-motor shall be within sight of its disconnecting mearis. More than fifty feet is considered out of sight, (See the NEC, 
" ^ ' 430-4, 430-86 and 430-106). ^ ' - ^ - . 

604.00 Caution should 'J?e used in selecting 480 or 460- volt .equipment for kitchens (refer to Item 903.01). 

605.00 All electrical devices, appliances and equipment used in public schools must have Undeijvriters' Laboratories approval as 
required bjj NC^&^-25.,Such approval shall be called for in the specifications. . A 

E-700.00 Emergency Lighting, Systems and Power , . / / . ^ ^ , ^ \ 

701.00 Emergency and exit lighting.must conform to requirements of the NCSBC. Attenfion is directed to Sedtion 1124— Illumina- 
tion of Exits, and Section 1125— Exit Signs. ' 

702.00 Numerous plaqs are submitted to the Division of School Planning incorj^orating emergency and exit.lighting systems that do 
not conform tCT Code requirements because of errors or omissions. Engineers and architects are encouraged to become 
familiar with Code'requirements. , * . * ^ ^ 

703.00 Exit lights should be of very low wattages. It is^desirabte that exit fixtures be of the long life type (providing approximately 
60,000 hours of lamp life). ' ^ . *V A * 

704.00 Three-way and four-way switches cannot be used in the emergency system (NEC 700-18). , ^ - 7\ 

705.00 . Manually operated switches for the exit and/joi:,emergency system should be accessible only to authorized personnel (NEC 

700-19): * ' , 

706.00 The emergency system shall not be controlled from the stage of an assembly area (NEC 700-19). 

707.00 With reference tu Item 701.00 above^ ^emergency lighting must be provided in accordance with Code requirements. In par- 
ticular, cafeterias, gymnasiums, auditoriums and other assembly areas that will accommodate more than 100 persons must 
have emergency illumina^Mi^ ^ ^ ^ . 

_ .01 Some school buildngs will have some interior spaces, with no available day^light, that will be occupied by students. Examples 
of such spaces might be cla^sropms (where the condition is unavoidable) or l.ofcker tod dressing rooms. These spaces should 
have emergency illumination provided' to pr,event^tal blackout in case of power failure. 

.02 Reference is made to high intensity, discharge (HID) lighting. In an area wKqre such lighting is used, a minimum and 
supplementary system of either inpantifescent or fluorescent lighting should be provided to furnish enough light ta prevent 
panic in case of an outage (an^€ohsequent delay injight output) in the HID lamps. 

708.00 Fire alarm systems are required for public^hool buildings. Attention is callefd to the NCSBC. Section 1126. 

- 709.00 Automatic smoke detectors are necessary aflfid/or applicable ih public school buildings. Designers are referred to and should 
become familiar with the NCSBC Section 1127 and Section 1117 (specificfliry 1117.1). * 
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710.00 Special provisions in the NCSBC can require the application of particular types of emergency power sources. The designing 
engineer is referred to Table 1125 in Chapter XI of this Code. . , , , • 

Experience has shown that battery powered emergency illumination systems (when an inddjpendent power source is 
required) are much to be preferred over generators! Ease of maintenance is one important reason for tHis. Battery powe^red 
systems are therefore recommended and encouraged. ^ " ^ ' 



711.00 

•800.00 

801-00 



General Ilfiunination 




Close cooperation by the architect, engineer and school administrator (s) must Be ac^eved to obtain the good lighting system 
ign necessary for a proper visual environment. There are always at least four factors, directly related to the visual* en- 
vironment, th^t must be considered when designing the lighting system. These are: 

(a) Lrevels^pf* illumination -i 

(b) Reflectances (and ranges of reflectances) ✓ . < 

(c) Brightness {And brightness^ratios) * ' ^ , 

(d) ^ Contrasts * ' ' , ^ *' " ^ , C 

A tabte of recommended levels of illumination for schools can be foimd following herein. 



802.00 The 



le overall procedure for designing the lighting s^^sJtoa might follow such a course as this: 

1. Establish desired environment ^ ^ , , ' . ' 

a. Brightness and brightness ratios ^ , * ' 

b. Colors* and textures ^ . a 

c. Method of daylighting and dayligjtit controls 

2. Establish reference task and required illumination levels 
a. General or academic classrqoins 
6. Special purpose areas — labs, libr^^s, shops, etc. 

3» Establish general illumination system 

a. Distribution characteristics of light sourxies . ^ 

b. Coordinate with effect of task visibility 
. c. Coordinate ^ivith total envirdnment 

(1) Characteristics of heat and jioise production 

(2) ^Color acceptability • * » 
* (3) ^Special and esthetic characteristics 

4. Establish supplementary illumination - 
a. Chalkboards, special tasks and special areas 

5. ^ Establish audiovisual requirements , 

6. Analyze' economics * 
a. Capital expense | 
b> Maintenance expense 

c. Electrical energy cost- ^ , 



.07. A great number of ligKting systems designed for schcJoIs incorporate the use of fTube,'2«ballast luminaires. In sycli cases it is 
easy to provide for switching of the lights so that either all or one-half the tuhes^are energized. The Divi^on of School Plan- 
ning feels that. this is a worthwhile design consideration in that energy caii be saved when/appropriate or necessary. This 
mettiod^of light switching is recommended in all i^ystems^ wher^ is possible. 
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803.00 Outdoor lighting should be done with respect to' the owner's desires, adequate lighting of areas used in traveling to and from 
the building, and for the purpose of -discouraging Widalism. , ."^ 

804.00 Athletic field lighting and wiring require som\^ careful thought. & addition to the consideration of lighting intei^sities, Hxture. 
selection and arrangement and fixture quality, the engineer should concern himself with the safety of the installations, and 
the requirements of both the NEC and the National Electrical Safety Code. Underground distriBution is highly 
recommended and encouraged. ^ ^ 

805.0^ As an overall reference for this section, please refw to Illuminating Engineering Society Lighting Handbook. 

E-900.00 All-Electric Schools ^and Electric Heating \^ ^ . ' 

901*00 Xigjlecision for the type heating for a school, when considering all-electyic energy, should be made by the owner. Afccurate 
and unbiased cost studies should be prepajped by the engineer and architect when directed^JThe Division of School Planning 
^wOtiid welcome the opporttmity to shwe in analyzing such studies*, - 

^ 902.00 ForTll electric schools, th(5se using electricity for space heating, it is recommended that 277/480 (or 265/460) « volt systems be 
. used for the secondary voltage. It is felt that this voltage is justified ec6nomicalb^ in all cases unless the school is very,small, 
ana will def^itely reihain s6. Due regard must still be given tib safety, and the qualifications of school maintenance per- 
sonnel. Further, this voltage should be used for any school project where size- justifies^ts economics. - 

903.00 Where 277/480 or (265/460) -volt systems are'used'for secondary voltage, it is recommended that these voltages be used, 
within reason, to the fullest extent possible. That is, they are recommended for (1) lighting, (2) water heating, (3) space 
heating (where elfictric space heating has been chosen) and (4) larger motor loads where practicable. Proper and adequate 
equipment grounding, for safety purposes, must be clearly defined. 

.01 Attention is directed to the consideration of iising 277/480 (or 265/460) A^olts electricity for kitchen equipment. Appa^ntly 
this has now become a matter of economic importance* Heretofore the Division of^School Planning had recommended 
against it. The following comments are in order^at this time. 41) Larger items of equipment, such as steamers, ovens and sur- 
face burper units can be served with this high^ voltage; also^ the booster water heate.ffor tlt^e dishwasher. (2) Smaller items 
of equipment and portable equipment ^uld hot be at; 277/4iB0. (3) The dishwasbdr itself, in its entirety, should never be of 
the^higher voltage. This is h "wet" ma^iiine in a wet area, and the hazard should be minimized. For all kitchen electrical 
equipment positive equipment groundiilg should be established. A grounding system for this should be designed by the 
engineer and shown on fhe plans. * > < 

^ ' 1 ' ^ 

' d04.00 All instructional shop' equipment must still be served by the lower. yoltages such as 120/280-volt3. 

,905.00 All electrical space heating equipment must bear the Undenroters' Laboratories approval (NCGS, Chapter 66, Article IV), 

E-1 000.00 Sound System^ and Clock and Bell Systems . • ^ " / 

1001.00 Sound systems ma>^be £|imple or 3omewhat complex as the owner desires. Systems can be designed for one or two wa^offi 
munication, and for schoolwide sound distribution from^pne central point. Li the initial design, it is recommended that the 
degree of sophistication be limited to a system that the owner will actually make use of. • * a. • 

Clock and bell systems provide for the orderly control of penods within the school day, and are recommended. Systems^and 
equipment should be kept reasonably simple, in the best interest of both operation and maintenance. Complex syst^s that 
are continually out of ordeV are obviously undesirable. * , „ ^ * 



1002.00 
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* ' ' " ' * ' : 

• E-110O.0O'" Television R^eption and Distribution Systems; Master Antenna Television (MATV), Closed Circuit X^^evision 
(Cij^TV), Community Antenna Television (CATV) or Multiple Source Television (MSTVh/ 

1101.00 GeneraV ^ • • , , ' 

.01 , The decision for inclusion of televisfcn, the number of channels, which channels, system size, whether or not the system wjU 
be 'MATV, CCTV or MSTV is a decision that should .be made by thW owner. ' ^ ^ ' 

.02 Pnor to the preparation of specifications and dra\png8 an on-site television. field strength survey sljould be njade for each 
channel desired. Measurement data obtained from field strength survey should be noted on television system riser diagram. 

, .03 A duplicate set of system drawings and equipment manuals should be received by tbe owner prior to final system accep- 
ts tance. / . . ^ . , 

.04 , System acceptance inspection will be rendered by the Division of School Plauming, omts appointed representative after the' 
system, has been in operation for approximatelyn;hirty (3P) days. * ^ . * ' ' * 

1102.00 System Requirements > 

*; ^07 television distributi<|n;8ystem as a whole shall be or iShall provide: • 

, .077 +3 dbmv minimum output at taps for ^cK channel.T ^ U 

.072 +12 .dbmv maximum output at all taps for ea6h channel.y ' , , 

.013 20 db minimum isolation between taps. \ ^ , ^ ' 

X .074 Lines terminated in cnaracterislic impedance. ^ i ' 

;»r j:075 Type F or quick disconnect type G connectors at all taps. " ^ ' 

' • -> • - ' 

; .016 Free ofanterference, ghosts and smear on all channels 'at all taps. "* x * 

♦ ^077 An overall signal-tojjioise ratio of 40 db for a 6 Mhz bandwidth. ' ' \ - 1^ 

^ .018 Flatness of response. 3 db maximum peak to valley across any one 6 Mhz channel and 5 db maximum peak to valley across 
. . the system bandwidth.. . ^ * f ^ 

.079 VHF oiily, desired UHF sigpais are electronically converted to a preselected VHF channel ^rior to distribution. 

1103.00 Component Requirements^ • . ^ ' . , 

/ .07 AH antenna down lead anql distribution cables shall be 75 ohm foam dielectric, type RG-6. Cable shield shall be of 
•* aluminized mylor surrounded by a minimum 50%, aluminum wire braid. * ' 

.02 ' System amplification shall bi^ accomplished by AGC controlled single channel strip amplilTers. 

\.03 All electronic equipment shall utilize solid state construction. ^ k 

.04 , The VHF antenna(s) shall be of the single channel, ruggedized ^ATV type designed to produce op^um signals in strength 
and quality^asv required for each TV channel specified* • . ' • ^ . . 

Xfee UHF antemia(s) shall be of the. rugged MATV type designed to produce optimum "i^ignals in strength and quality as 
rfeqi^ed for each TV channel speciped. % ' ' - * 

.06 Antenna(s) shall be' side mounted on an approved tower meeting EIA RS-222-B specifications, " • . ' 

. OR . i . . ■ ' ; 63 



.05 



^ ^ V ELECT y 33 

• .07 Antenna(s) shall be side mounted on an approved tapered steel support' structure meeting EIA RS-222-B specifications, 

• / : OR . / , ' ^ 

• .08 Antennals) shall be side mounted on ai^ckpproved tapered aluminum support structure. Such a structure shall meet the in- 

. tent of EIA RS-222-B specificatiAns, * ^ " . 

OR ^ . ' ' \ 

• .09 Antenna(s) shall be ve'rUcftlly stacked on an apprdved single or telescopic ma^t support structure meeting EIA RS-222-B 
* specifications. ^ 7 • " * 

.10 Antenna(s), antenna mounts and antenna support striacture(s) shall be selected to provide wind loading within range* as 
, specified by EIA RS-222-B and struCtme manufacturer for the area in which structure is to be erected. . . ' * . 

f $ .11 Anterma(s) shall be mounted in such a planner so as to provide a minimum above ground elevation of thirty (30) feet. Roof 
' . mounted antenna(s) shall provide, in addition to the thirty (30) fooi above ground elevation, a minimum above the ro9f 
clearaijce of eight (8) feet for low band autenna(s), four (4) feet for high band ajitenna(s), and three (3) feet for UHF'antfen- 
■ na(s). • • . . * * 

Antennas of different frequency shall be mounted with vertical spacing oi a( l^ast 0.65 times the wavelength of the low^ 
visual Carrier frequency. * , /'-*v>.^^^ H 

.13 UHF to VHP conversion of a system simal shall, be accomplished hy^a crystal controlled ^converter. 

.14 ' System splitters shall have a bandwidtlT of fro nr 5 to 300 Mhz.^ ^ ' / * ^ 

.15 System wall taps shall be'of the directioYial coupler type with a bandwidth of from 5 to 300 Mhz. 

^ 76 llea3=end distribution equipment and other associated components ^liijll be enoiosed within a wall mounted Iwiosig^. Equip-^ 
'ment hou^ng shall be suitable for glA 19" rack size head-end moimted distribution equipment. Housfn^TOisflSev^ntilafed 
and lockabl^ . • ' . \ 

1 1 04.00 llElectrical Requirements * ^ ^ 

.07 ^There should be adequate power wiring provided in each equipment housing. One himdred percent/^^e yower outlets 
^ required to do the specified job plus a\ reserve of 25% should be included for possible future expanS 
» ^ *♦ . . ^ ' 

.02 ^ Head-^end equipment housing should be on a septate power curcuit. ^ 

•1105.00 . Head-end Location * ^ ' . \ ^ ^ , 
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.OX - The bead-end equipment should be located within the Media-Center complex, preferably in a storage area. 
t1 66.00 Television Conduit System^ ^ 'i' ' ^ ^ , ^ ' ' ' 

,01 Wherever possible, television conduit systems shall consist of a single piece of 3/4" EMT extending upwards ixoxf each stan- 
dard 2" X 4" .wall box. ^Each piece of EMT shall be extended above the ceilipg, stul^bed off and bushed. 

.02 ^ Wherever possible, a single 1-1/2" conduit shouM be provided betwfeeri head-end equipinent housing an(J antenna location or 

other single sojjiie location. ^ : ' ^ 

.03' Two t2) 1 • 1/2 conduits should be provided* between head-end equipment-housing and above ceiling 8])ace. 

c. ' ^ t « "... 

.04. Individual 1-1/4** conduit ruos should*be provfded between head-en^iuipment hoiking aYid remote located television dis 
tribution" junction boxes. - " ^ ' . . • m 

,1107;00'»'> Wall Tap-off Location ^ ^ - V > " • ' 
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.07 For standard television receiver mount,^ tap-off ,^uld be located no higher than 48"»AFF. "* . , ' 

.02 For ceiling or wall mounted television receiver, tap-off should be located in as close proximity to the receiver as possible. 



^108.00 Apj)licable References ^ 

..07 Electronic Industries Association's Standards and Specifications (EIA) 
Federal C<5mmu»ication Commission's ^Rules and ReAilations jDFCC) 
National Electrical Code (NEC) \ 
N^ticsMl Television System Committee. Standards (NTVS) 
Uftderwritefs' Laboratories Listing (UL) 

' ^7 . 
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Main Service 
Conduit 




Direct Ground to Water 
Pipe or Other Acceptable 
Electrode" as Close as' 
Practicable to the 
Transformer 

s 




Main 
Service 
Ground 



Tpnductors^ 1 Neutral' . 

• c" ■ ■ ■;- ■ 



277/480- VOLT^ND/ no/ 208-VOLT SYSTO.IS SiiOlVING GROUNDING METHOD - 
.THIS DIAGIWI' IS 4-OR O.N'I-' IWTLDING ONLY ON Tlin SITE . 



Er|C;3 



• fc* Note:" Refer to" the-' N.H.C. ^0-26 
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Direct Groundl^to Water 
Pipe or OtheW Acceptable 
Electrode as ;Clo^e as 
Practicably tq^ the 
Tran sformer / y ' 




Transformer 
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2 ERIC-VOLT AND 120/208-VOI.f SYSTEMS SHOWING GROUNDING METHOD - 

■ .ri.i.Mi .^^rsr* miiAVf /^^Tt' TMlTfrvTMr* AM Tilt: CTTC » 



tlfSS^AGRAM IS FOR MORE TiiAN ONI- BUILDING ON THE SITE 



Note: Refer to the N.E.C; 250-26 
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TYPICAL ELECTRK^L SUMMARY 



(Refei5)ito Item B-1 13.00) 




LECTRICAL LOAD SUMMARY 



(A) SERVld^ 

- * I"20/208-Volt8, 3-Phase, 4-Wire Wye with Full Neutral; 1600.-Amp. Switchboard and -1200- 
Amp. Service Entrance with Empty Conduit to Increase Service Entrance to 1600-Amp3. 



(B) CONNECTED LOAD 

(1) EXIST. BLDG. 
V- Ltg. 
X / Rfc. & Spares 

Kitchen . 
^ Water Htr.-- ' 
Sub-Tot§l3 

• • (2) NEW BLDG. 
Ltg. 

Rec. & Spares 

Sub-Totals 

(-3) ,FUT. AIR COND. 
.& OTHER LOADS 

Totals 



KW 



AMPS 



99.0 

60.0 
142.00 
37.0 




338.0 



83.0, 
. 421.0 



188.0 
609,0 




Division of School 
Planning 1976 



Recommended Minimum 
Footcandlea • 




ILLUMINATION LEVELS* FOR VARIOUS 
TASKS & LOCATIOiTs IN SCHOOLS 

AUDITORIUMS (seatingkrea only) 

Assembly only (Dimming' equipment desirable)-.- 
_Study Halls C ' ' 

CAFETERIAS . 
Eating only 

When used for study halls 
Food Displays ^ 
Kitchens 
CLASSROOMS 
Regular classroom worl}^ ^ 
Art ropms / 

Chalkboards (Supplemfentary illumination) 
Drafting, ropms 
Home Efconomics rooms 
Laboratories # » ' 
General 
Close work 
Lecture and demonstration rooms 
General, 

Special exhibits and demonstration 
When projection equipment is used 
^(dimming equipment desirable) 
Lipreading classrooms 

Music' rooms " * * ^ 

Manual arts rooms ^ * 

Sewing rooms 
Sigl\tsaving classroollis 
Typing rooms *^ 
CORRIDORS & STAIRS 
GYMNASIUMS 
General exercising 
Exl\ibition games - 
_Locker.and shower rooms 
LIBRARIES - . * ^ 

Reading rooms and carrels 
Stacks 

Book repair and binding 
_ Check-in, checkout, catalogs, card files 
OFFICES^ 
Regular office Work 

Acct., auditing, tabulating, bookkeeping, etc. 
Cartography, designing-, detailed drafting 
_ Conference rooms 
PARKING LOTS 
TOILETS & WASHROOMS . 



The level of illumination-should be provided on the task regardless of location in the room, or position The initial value of 
illumination must be greater than\he minimum value to cojnpensat^for lamp depreciation and dirt collection on all sur* 
faites. These are recommended standards ofi the I. E. S. * ^ * 

^ . ' * s Division of School 

Planning 1976 



